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Abstract 
Currently the modernisation of railways is in progress in a large global scale. While classic ballast is verified in the long term and 
quite popular, the structural solutions using more quality materials (concrete, asphalt) are more and more preferred. Therefore, 
the slab track system (STS) was developed that is characterized as relatively maintenance-free structure of the railway 
superstructure where the reinforced concrete slab accepts the load distribution function of the ballast [1][4]. In the case of bridge 
structures, the slab tracks are built mainly on concrete bridges where the rigid connection between the STS and the bridge deck is 
solved using the cross-shaped slab directly concreted on the bridge deck. Application of STS on steel bridges is rarer and 
therefore the design is not entirely clear. Therefore, the main purpose of this work is to analyse the possibilities of utilizations of 
STS on steel bridges. 
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1. Introduction 
Lately, despite the success of the classic ballast design, the slab track system is more promote. The need for 
solution using STS has a great significance in the recent years because of the more severe requirements on railway 
services from the viewpoint of transport speed. Using the classic ballast for high speed tracks could cause significant 
breakage of grains ballast resulting into failure of the track geometry. Mainly for these reasons, the utilization of the 
railway superstructure based on the ballast is apparently an inappropriate solution. Therefore, there is a need to 
replace this railway structural component by means of another suitable element based on the more quality materials 
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(concrete, asphalt). Improving the quality of the track geometry using the unconventional structure of railway 
superstructure – a slab track – has importance not only for comfortable passenger transport, but especially for the 
operational safety and reliability and for reducing track maintenance costs. [1]. 
This paper presents the development of different systems and structural solutions of STS, which were designed 
and implemented on bridge structures in recent years. 
2. Comparisons of ballastless track and stab track system 
The slab track can ensure very good geometrical stability of the track comparing to the ballasted track, on the 
other side it produces higher noise emissions. Another important advantages of the slab track design are the 
significantly reduced maintenance need in combination with its higher serviceability life, as well as its higher 
structural track stability. In general the ballasted track is considered as a better solution in earth structures due to the 
lower costs of the construction, but on the other side, slab track maybe is more expensive to construct but the lower 
demand for track maintenance during the years and its high serviceability life time. [6] Table 1 is illustrating the 
main differences of classic ballast and slab track system.  
Table 1 Comparison of classical design and STS. 
SLAB TRACK SYSTE BALLAST TRACK 
Advantages: 
- Redudtion of structure heigt - Lover requirements for the realization 
- Lower maintenance requirements - Lover  repair costs 
- Intereased service life  
- High lateral stiffness  
Disadvantages 
- High investment costs - Unstable geometry of railway track 
- Higher requirements for the realization - Higher maintenance requirements 
- If damaged is required extensive and costly repair  
3. Slab track 
The slab track is a concrete or asphalt surface that is replacing the standard ballasted track. This structure is made 
of stiff and brittle materials (concrete, asphalt). Concrete is the popular material in slab track applications throughout 
the world, only in very special occasions asphalt has been used as material for slab track constructions, and this is 
due to its high construction demands. The slab track design can be found mainly in civil structures in high-speed 
lines. There are many different slab track designs. Which track design is the most suitable depends mainly at the soil 
conditions. Each slab track system has different flexural stiffness, which should reckon in according to soil 
conditions [6].The whole structure is mainly composed from five layers as show in Fig.1. There are: Subgrade, Frost 
Protection Layer, Hydraulically Bonded Layer, Concrete (Asphalt) Layer and the rail. 
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Fig. 1 Construction profiles for slab tracks: a) structure without sleepers, b) with the sleeper. 
3.1. Basic structural principles for slab track 
There are several specific requirements that need to be addressed before the design and construction of a slab 
track. These requirements are shaped mainly in accordance with the ground conditions, the chosen slab track design, 
the supporting layers underneath the slab, the location to be build such as in a tunnel or a bridge where most 
transition points are met. Other requirements are the materials, the load per axle, the traffic, noise restrictions, level 
of maintenance, construction costs, weather conditions and as well as passenger comfort [2]. As with classic ballast 
is the essential function STS transmit static and dynamic effects of the passage of the train into the ground. The 
main requirement is a long-life construction, which is expected to about 60 years in compliance with all of the 
requirements for quality. Requirements for the STS [1] must be adapted to specific speed ratio and load profile: 
x Ensured lateral stiffness of the track; 
x Optimal noise and vibration; 
x The permanent placing of STS on the carrier slab without deformations, if possible; 
x Minimum maintenance requirements [3]. 
3.2. Types of slab track systems (Table 2) 
These systems are divided in two main categories:  
x Discrete rail support systems, 
x Continuous rail support systems. 
Next these two categories are divided in four and two subcategories respectively. 
Table 2 Types of slab track systems [4],[6]. 
Slab Track Systems 
Discrete Rail Support Continuous Rail Support 
With Sleepers or 
Blocks encased in 
concrete: 
Sleepers on Top of 
Asphalt- Concrete 
Roadbed: 
Prefabricated 
Concrete Slabs: Monolithic Disigns: 
Embedded Rail 
Structure: 
Continuously 
Supported Rail: 
Rheda, 
Rheda 2000, Züblin,  
ATD,  
GETRACK 
Shinkansen, 
Bögl, 
ÖBB- Porr 
Lawn Track Deck Track Cocon Track, ERL 
 
- 
a)  b) 
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In contrary to the utilization of STS abroad, structural system of railway track is rather lagging behind in 
Slovakia. Can be said that only recently, The Slovak Railways are paying attention to effort and financial resources 
to modernize corridor railway lines. The system Rheda 2000® is mainly used in Slovakia. 
3.3. Rheda – system design and components 
The RHEDA 2000® ballastless track was used for the first time in Germany in 2000, as pilot project on the new 
rail line between Erfurt and Halle- Leipzig. Rheda 2000 (Fig.2) is a flexible system that can be individually adapted 
to the specific requirements and the individual constraints of each project. The basic system structure consists of 
modified bi- block sleepers which are securely and reliably embedded in monolithic concrete slab. Highly elastic 
rail fastenings are essential to achieve the vertical rail deflection required for load distribution and for smooth train 
travel [5]. 
 
Fig. 2: Slab track system- Rheda 2000 [5]. 
4. Slab track on bridge 
The application of the slab tracks on bridges can introduce problems when certain mechanical behaviour is not 
taken into account. A bridge provide a rigid foundation for slab track, but temperature changes and traffic loads 
cause bending, longitudinal movements and twist of the bridge structure over the supports. The bridge 
superstructure shall be able to carry those stressing and deformations.  
Requirements for the design of STS are significantly different for bridges with spans up to 25 m long (short 
bridges) and for bridges with spans those lengths are more than 25 m (long bridges) [3]. 
4.1. Short Bridges ( ≤ 25 m) 
The following solutions are adopted for application of STS on the short bridges): 
x  By reducing the clamping force in fasteners, the movements of the bridge structure are eliminated when the 
sleepers on top of the reinforced concrete slab are rigidly connected to the bridge deck or direct rail fastening 
systems are used.  
x  On the bridges up to 15 m long, a continuous rail-supports connected to the bridge deck provide adequate 
rigidity[3]. 
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Fig. 3: The cross section for bridges ≤25m. 
4.2. Long Bridges ( > 25 m) 
The following solutions are adopted for application of STS on the long bridges (Fig. 4): 
x  For spans up to 25 m, sliding slabs allow the bridge structure moving freely underneath the slab track.  
x  By applying a track frame concrete or concrete-asphalt subbase, the track lies freely movable on top, due to the 
possible motions and torsion of the sleepers on top of the bridge structures (spans up to 10 m with frame-spans 
limited to 25 m) [3]. 
In the case of long bridges, the slab is fastened to the support structure. This connection is usually realized by 
cross-shaped base slab, which is directly concreted on the protective layer of bridge deck. For steel railway bridges 
the transfer of horizontal forces transverse shaped metal plate in the deck can be solved by connector of driven 
spikes on the bridge deck. 
 
 
Fig. 4: The cross section for bridges >25m. 
5. Problem analysis 
In the case of application of the STS on large span steel bridges, (for small span bridges it is ineffective) the 
proposed solution is considered for truss bridges introducing the optimal structure for bridges with intermediate and 
long spans. As it is seen in Figs. 5 - 7, tree alternatives are proposed for connection between STS and steel bridge 
deck. 
elastomeric bearing 
ballasted 
- high density foam 
- hydraulically bonded layer 
- bridge deck  
- be block sleepers 
- base plate 
- elastomeric bearing 1,2 mm 
- elastomeric bearing 15mm 
-cross- shaped base plate 
- hydraulically bonded laeyr 
- bridge deck 
- base plate 
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5.1. Type 1  
In the case of type 1, the design replicates (Fig. 5) the same solution used for STS on concrete bridges. The 
bridge deck is constructed as the composite steel-concrete slab. The STS is fixed with steel bridge deck by means of 
connectors. The thickness of the reinforced concrete bridge slab is minimal of 200 mm. The reinforced concrete 
stoppers (800x800 mm) are installed on the slab in the longitudinal direction ensuring the transversal position of the 
STS on the composite bridge deck. 
 
Fig. 5 :Design solution Type 1. 
5.2. Type 2 
The reinforced concrete stoppers of 150 mm high directly connected with the steel bridge deck are designed to 
ensure transversal and longitudinal position of STS on the bridge (Fig. 6). The STS is placed on the elastomeric 
bearings stuck on the concrete stoppers (800x800 mm). 
 
Fig. 6 Design solution Type 2. 
5.3. Type 3  
For the steel bridges with a smaller span (to 35 m) are proposed plate bridge constructions with lower, 
intermediate or upper bridge deck. Therefore, it was contemplated a design solution for those constructions, as 
shown in Fig. 7. This design solution is similar to the Type 1.The STS is fixed with steel bridge deck by means of 
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connectors-the reinforced concrete stoppers of 150 mm high. The reinforced concrete stoppers (800x800 mm) are 
installed on the slab in the longitudinal direction ensuring the transversal position of the STS on the composite 
bridge deck. directly connected with the steel bridge deck are designed to ensure transversal and longitudinal 
position of STS on the bridge. The STS is placed on the elastomeric bearings stuck on the concrete stoppers 
(800x800 mm).The thickness of the reinforced concrete bridge slab is minimal of 200 mm as is the case in Type 1.  
 
Fig. 7. Design solution Type 3. 
6. Conclusion 
Application of the STS on steel bridges is less frequent and therefore the design solutions are not quite worked up 
and known. Therefore, the main objective of the paper was to analyse the possibilities and structural solutions of the 
connection of the STS with the steel bridge deck. The research will continue by the parametric studies to verify the 
optimal type of connection and to prove actual possibilities of application of the STS for steel bridges. 
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